Four experiments investigated the span of advance planning for phrases and short sentences. Dutch subjects were presented with pairs of objects, which they named using noun-phrase conjunctions (e.g., the translation equivalent of ''the arrow and the bag'') or sentences (''the arrow is next to the bag''). Each display was accompanied by an auditory distractor, which was related in form or meaning to the first or second noun of the utterance or unrelated to both. For sentences and phrases, the mean speech onset time was longer when the distractor was semantically related to the first or second noun and shorter when it was phonologically related to the first noun than when it was unrelated. No phonological facilitation was found for the second noun. This suggests that before utterance onset both target lemmas and the first target form were selected. ᭧
experiment, the subjects were instructed to use sented with pictures of colored objects which they described using adjective noun phrases new names for the actions. For instance, instead of ''slaan'' (Dutch for ''to beat'') they (e.g., ''groen huis'' (green house)). Superimposed on each picture appeared a written should say ''meppen'' (to slap) . This manipulation should affect the selection of the verb, word, the so-called distractor. The mean reaction time was longer when the distractor was but not the visual processing of the display. The change of verb led to an increase in mean a member of the same semantic category as the target noun than when it was an unrelated utterance onset latency. This effect was stronger for verb-subject than for subject-noun and much faster when it was the target noun itself. No reaction time difference was verb utterances, indicating that for subjectverb utterances only some, but not all, of the obtained between color and unrelated adjectives, but the mean reaction time was shorter lexical processing for the verb was done before utterance onset. Kempen and Huijbers when the distractor was the target adjective itself. Schriefers concluded that on most trials proposed that the verb lemma, but not its form, was selected before utterance onset.
the subjects retrieved the adjective and the noun lemma before utterance onset and that Compatible results were obtained by Levelt and Maassen (1981) . They asked subjects to the slowest process, which was noun retrieval, determined the speech onset. However, on describe moving figures with easy or difficult names. The difficulty of the names had been some trials, especially when the distractor was the target adjective, the subjects started to established in a pretest and was defined as the reaction time difference between naming and speak as soon as they had retrieved the adjective stem. Thus, subjects might have a certain recognition latencies for the figures. When both figures moved in the same direction, sub-degree of flexibility in the choice of the planning units. jects used noun-phrase conjunctions (e.g., the Dutch translation equivalent of ''the triangle Ferreira (1991) investigated the planning units in sentence production using a sentence and the circle go up'') more often than sentence conjunctions (''the triangle goes up and reiteration task. On each trial, subjects first read a sentence, then the sentence was rethe circle goes up''). Interestingly, utterance onset latencies were longer for the preferred moved, and upon presentation of a response cue, subjects recited it. In one experiment, the NP-conjunctions than for sentence conjunctions. According to Levelt and Maassen, this syntactic complexity of the subject and object noun phrase was varied orthogonally. Only reaction time difference arose because for an NP-conjunction the lemmas of both nouns subject, but not object, complexity affected onset latencies. Ferreira argued that the subwere retrieved before utterance onset, whereas for a sentence conjunction beginning with a jects retained a semantic-syntactic representation of the sentences in working memory simple NP only the lemma of the first noun was retrieved. Thus, the unit of advance plan-and after presentation of the response cue created the corresponding phonological represenning at the grammatical level might be the subject NP. Regardless of the syntactic struc-tation. Apparently, this took more time for syntactically complex than for simple subject ture, onset latencies were affected only by the difficulty of the name of the first, but not of noun phrases. Thus, Ferreira proposed that the complete subject noun phrase (e.g., ''the man the second, figure. Levelt and Maassen located the effect of naming difficulty at the level of who started the band'' or ''the pianist in the band'') was phonologically encoded before word forms and concluded that only the form of the first, but not of the second, word was speech onset. This is a substantially larger planning unit than Kempen and Huijbers retrieved before speech onset. Schriefers (1992 Schriefers ( , 1993 Schriefers ( ) investigated gram-(1983 and Levelt and Maassen (1981) had proposed. matical encoding using the picture-word interference paradigm. In one experiment However, Ferreira's (1991) argument presupposes that the subjects had already con- (Schriefers, 1992) , Dutch subjects were pre-structed a semantic-syntactic representation point in the same direction. By contrast, Lindsley's (1975 Lindsley's ( , 1976 findings suggest that of the sentence before the response cue was given. Potter and Lombardi (1990;  see also speakers might use subclausal planning units.
If Ferreira's (1991) complexity effect arose Lombardi & Potter, 1992) showed that in immediate sentence recall tasks subjects do not during grammatical encoding, her results would also support the assumption of subclauretain semantic-syntactic representations of sentences but reconstruct them based on con-sal units.
The speech error evidence suggests that the ceptual information. Thus, it is uncertain whether Ferreira's results reflect on grammati-phonological planning units comprise not more than one or two words. Levelt and Maascal or phonological encoding or both.
Finally, O'Seaghdha (1992) pre-sen's (1981) and Kempen and Huijbers' (1983) findings support this view. However, sented subjects with propositional representations of sentences, such as REMOVE (BY if Ferreira's (1991) complexity effect arose at the phonological level, it would indicate that BOXER, COAT) or REMOVE (BOXER, COAT), and asked them to prepare to say the phonological planning units can encompass entire complex phrases. Dell and O'Seaghdcorresponding sentences (''The coat was removed by the boxer'' or ''The boxer removed ha 's (1991, 1992) findings further complicate the picture, as they suggest that before senthe coat''). On most trials, the preparation period ended with a prompt to say the sentence, tence onset different parts of a sentence can be phonologically prepared in different ways but sometimes a probe word (e.g., ''shirt'' or ''coal'') was presented, which the subjects or to different degrees.
In short, the picture is far from clear. In had to name as quickly as possible instead of saying the prepared sentence. The probe could the studies just reviewed, different techniques were employed to elicit the utterances, and be semantically or phonologically related or unrelated to a target (''coat'' in the example) the utterances varied in syntactic structure. As Schriefers (1992) has pointed out, speakers appearing early or late in the prepared sentence. Reaction times to semantically related probably use larger or smaller planning units depending on the circumstances. Thus, the inor unrelated probes did not differ. However, when the probe word was phonologically re-consistencies in the results, at least in part, could be due to differences in the speakers' lated to a target appearing early in the sentence, reaction times were significantly slower planning strategies.
Even though speakers probably use differthan when the probe was unrelated. For targets appearing late in the prepared sentences, the ent planning units in different situations, it is important to find out which units they use in phonological effect was reversed.
When O'Seaghdha (1991, 1992) a given situation. In the experiments reported below, Dutch subjects described pictures usused a sentence reiteration instead of the sentence construction task, they replicated ing noun phrases (e.g., ''de pijl en de tas'' (the arrow and the bag)) or sentences (e.g., the phonological effects and found significant semantic inhibition for targets ap-''de pijl staat naast de tas'' (the arrow is next to the bag)). The main goal was to establish pearing early and late in the sentences. These findings suggest that the retrieval of whether they retrieved the lemma and form of both nouns or of only the first one before all word meanings and forms had begun before sentence onset but that forms at the be-speech onset. Once it is known what the planning units for these simple utterances are, ginning of the sentence were activated more strongly, or were in other ways more fully more complex descriptive tasks and different syntactic structures can be examined in order prepared, than forms at the end.
To summarize, analyses of speech errors to determine whether the planning units are indeed variable, and, if so, what their size deand hesitations suggest that clauses are important planning units at the grammatical pends on.
The paradigm selected for this study is a level. Levelt and Maassen's (1981) results novel version of the picture-word interfer-distractor relative to an unrelated one is that the selection of the target lemma is delayed. ence paradigm. Subjects were presented with
The facilitatory effect of form-related dispictures of object pairs. They were instructed tractors relative to unrelated ones can be alloto name the objects, starting with the left one, cated at the level of phonological encoding. using either noun phrases or, in different exWhen a distractor is processed, its sublexical periments, sentences. The pictures were acunits become activated. Some of these sublexcompanied by auditory distractor words, ical units are also part of the target word form. which could be related in meaning or form Because of the extra activation these sublexito one of the two object names or could be cal units receive during distractor processing, unrelated to both. they can be selected more rapidly during the In standard picture-word interference exphonological encoding of the target than when periments, in which only one target object is an unrelated distractor is presented, and the displayed and named per trial, semantic intertarget can therefore be produced sooner (for ference and phonological facilitation can be obdetails see Meyer & tained;  i.e., with appropriate timing of the dis- Roelofs, 1994) . tractors relative to the picture onset, the reacIn the present experiments, the semantic tion times are typically longer when target and and phonological effects were used to deterdistractor belong to the same semantic category mine which lemmas and word forms were seand shorter when they are phonologically and/ lected before speech onset. Based on earlier or orthographically related than when they are research, it was strongly expected that both unrelated (e.g., Glaser & Düngelhoff, 1984;  effects would be obtained for distractors that Lupker, 1979 Lupker, , 1982 Rayner & Posnansky, were related to the first noun. This would indi-1978; Rayner & Springer, 1986; cate that before utterance onset the lemma and 1976; Underwood & Briggs, 1984) .
form of the first noun are retrieved. If the As we have argued elsewhere (Schriefers lemma of the second noun is also retrieved et al., 1990), the semantic interference effect before utterance onset, semantic interference is likely to arise during the selection of the from distractors related to that word could be target lemma rather than at the conceptual expected. By contrast, if the lemma of the level of processing. This view is supported by second noun is retrieved only after utterance the finding that the effect was obtained only onset, no such effect should be found, because when subjects named the target objects but a delay in the selection of the lemma of the not when they performed a picture recognition second noun would not affect the reaction task, which did not require retrieval of the time. Similarly, phonological facilitation for target names.
the second noun should be obtained only if A detailed account of the semantic interferthe second word form is retrieved before, but ence effect has recently been proposed by not if it is retrieved after, utterance onset. Roelofs (1992) . According to Roelofs' model, In Experiments 1 and 2, the effects of sethe distractor lemma, which becomes actimantically related and unrelated distractors, vated when the distractor is heard, is a comand in Experiments 3 and 4, the effects of petitor to the target lemma. When target and phonologically related and unrelated disdistractor are categorically related, they actitractors, were compared. In Experiments 1 and vate each other via connections to shared con-3, subjects produced noun phrases, and in Exceptual nodes. Thus, in the related condition, periments 2 and 4, sentences. The features of the target and the distractor receive more actithe method common to all experiments are vation than in the unrelated condition. Howdescribed under Method in Experiment 1. ever, for a number of reasons, the target acti-EXPERIMENT 1 vates the distractor more strongly than vice Method versa. Thus, the distractor benefits more from the mutual activation than the target. ConseSubjects. The subjects were undergraduate students of Nijmegen University, whose quently, the effect of a categorically related native language was Dutch. They were paid semantic category as the targets can slow down the reactions relative to unrelated ones, for participating in the experiment. Each subject took part in only one experiment. whereas associatively related distractors can speed them up (LaHeij, Dirkx, & Kramer, The first experiment was carried out with 30 subjects.
1990; but see Lupker, 1979) . To avoid mutual cancellation of inhibitory and facilitatory efMaterials. The visual stimuli were 42 drawings of pairs of target objects shown next to fects, distractors that were not highly associated to the targets were selected. As associaeach other. Thirty-six pairs were experimental items, and 6 pairs were practice items. The tion norms were not available for all targets, a pretest was carried out with the selected tardrawings were selected from the picture pool available at the Max Planck Institute. From a get-distractor pairs.
Two groups of 20 subjects each participated norming study with 20 subjects, it was known how subjects spontaneously named the de-in the pretest. One group was presented with a list of the targets in a random order and picted objects and what the mean naming latency for each object was. The frequencies of wrote down their first associate to each of them. The other group did the same for a list the target words were determined using the CELEX database, which is available at the of the distractors. It was determined how often the distractors were named as primary associUniversity of Nijmegen and includes a Dutch lexicon of 42 million word tokens. Fifteen ates to the corresponding targets and how often the targets were named as primary associnouns appearing on experimental trials and 1 noun appearing on a practice trial were neuter ates to the corresponding distractors. Seventy of the 72 target-distractor pairs were not and therefore required the determiner ''het''. The other nouns were masculine or feminine strongly associatively related; i.e., the target was named less than five times as associate and required the determiner ''de''.
According to the unanimous judgment of to the distractor, and the distractor was named less than five times as associate to the target. five raters, the two targets of each pair belonged to different semantic categories. For the targets of the two more highly associated pairs, new distractors were selected. Across the entire set of materials, the targets in First and Second positions (appearing on
The distractors included between one and four syllables. Targets and distractors were the left and right side of the screen, respectively) were matched for mean word fre-not matched for length or stress pattern. They never shared the onset segment, but they could quency (30 vs 39 per million words) and for the mean naming latency in the norming study share up to four segments in other word positions. Across the entire set of materials, the (782 vs 781 ms). The names of the targets of a pair had the same length. There were 18 distractors associated with targets in First and Second positions were matched for word frepairs of monosyllabic and 18 pairs of disyllabic targets. The targets of 10 disyllabic pairs quency (3.3 and 3.7 per million), mean length (1.8 and 1.5 syllables), and the mean number had the same stress pattern, and those of 8 pairs had different stress patterns. The targets of segments shared with the targets (1.1 and 0.9 segments). The materials are listed in the of a pair had different onset segments, but they could share up to three segments in other Appendix.
Each target was also combined with an Unword positions. On average, they shared 0.6 segments.
related distractor. The Unrelated distractors were identical to the Related ones, but they For each experimental target, a Related distractor that was a member of the same seman-were combined with targets from a different semantic category. Each distractor was astic category as the target was selected. For instance, the target ''kameel'' (camel) was signed to a target in the same position as the target with which it was combined in the Recombined with the Related distractor ''aap'' (monkey). In picture-word interference ex-lated condition. The targets and the corresponding Unrelated distractors never shared periments, distractors that belong to the same the onset segment but could share up to three
The experiment included five test blocks, in each of which all pictures were presented segments in other word positions. On average targets in First and Second positions shared once. Each picture was assigned to one of five item groups. Four item groups included seven 0.8 segments with the Unrelated distractors.
Thus, each experimental picture showed items each, and one included eight. Within each test block, the pictures of each item two target objects and was combined with four different distractor words. One word was se-group were combined with the same type of distractor and those of different item groups mantically related to the First and one to the Second target name, and one word was an with different types of distractors. The order of the five test blocks was balanced across unrelated control word for the first and one for the second target name. As the same tar-subjects using a latin square design.
The targets were repeated within subjects gets and distractors were used in the Related and Unrelated conditions, differences between for three reasons. First, a reasonably large number of data points per subject and condithe conditions could not be due to accidental differences between the pictures or words pre-tion could be collected; second, these data points stemmed from the same materials for sented in different conditions.
Finally, in one condition, the subjects heard all subjects; and, third, the effects of different distractor types could be evaluated within suba stretch of noise instead of an interfering word. A neutral condition in which a nonlin-jects. A potential weakness of this design is that the effects of the distractors might change guistic stimulus is presented is often included in picture-word interference experiments to across blocks, but the design at least permitted one to examine whether this was the case. determine whether other types of distractors create facilitation or inhibition relative to this
The order of the items within blocks was random and different for each subject. Before baseline.
Five of the six practice pictures were com-the beginning of the first block all practice items were presented once. Before each of bined with Unrelated distractors, and one was combined with the stretch of noise.
the following blocks two randomly selected practice items were repeated. The distractors began either 150 ms before or simultaneously with the picture onset. The
Apparatus. The experiment was controlled by a Hermac 386 SX computer. The pictures stimulus onset asynchrony (SOA) of 0150 ms was used because a strong semantic interfer-were presented as white line drawings on a black background on a Nec Multisync30 ence effect had been obtained at this SOA in an earlier experiment (Schriefers et al., 1990) . screen. The distractor words were spoken by a female speaker and recorded using a Sony The SOA of 0 ms was included because it seemed possible that the two target lemmas DCT55 DAT recorder. They were digitized with a sampling frequency of 20 kHz and were activated in sequence and that therefore the semantic interference effect for the second stored on the hard disk of the computer. The mean duration of the distractors was 782 ms. noun might be stronger at a later SOA than that of 0150 ms.
The stretch of noise presented in the baseline condition had the same duration. The auditory Design. SOA (0150 and 0 ms) was tested between subjects. The experiment included stimuli were presented to the subjects using Sennheiser MD211N headphones. The subfive conditions defined by the types of distractors. The distractor could be Related to the jects' speech was recorded using a Sennheiser ME400 microphone and a SONY DTC55 name of the First or Second target, it could be the Unrelated control word for the First or DAT recorder. Reaction times were measured using a voice key. Second target, or it could be Noise. The five distractor conditions were tested within subProcedure. Subjects were tested individually. They were seated in a dimly lit soundjects. Each subject saw each picture five times, each time in combination with a different dis-proof booth at a comfortable viewing distance in front of a monitor. They received a booklet tractor.
including the instructions and pictures of the dressed in the present paper, the results of the Noise condition are not directly relevant. target objects. Next to each object was printed the noun that the subjects in the norming stud-Hence, this condition was not included in the statistical analyses, and the corresponding reies had used spontaneously most frequently to name that object. The subjects were asked to action times and error rates are be reported.
The effects of the remaining four distractor use only these object names. Subjects were informed that they would see pairs of objects, types on reaction times and error rates were determined in analyses of variance with two which they should name starting with the left crossed variables: Relatedness (distractor and one, using the appropriate definite determiners target were Related vs Unrelated) and Posiand the conjunction ''en'' (and). As soon as tion (the distractor was Related or Unrelated they indicated that they had read the instructo the First vs Second noun of the utterance). tion and studied the picture names, the first SOA was crossed with Relatedness and Posiblock of trials began. There were pauses of tion. about 1 min between blocks.
Each experimental session included five test The test trials had the following structure.
blocks, in each of which seven or eight items In one group of subjects, the distractor was were tested under each distractor condition. In presented first, followed after 150 ms by the analyses of variance including the variables onset of the picture. In the other group of Block, Relatedness, Position, and SOA, a sigsubjects, the distractor and picture began sinificant main effect of Block was obtained multaneously. The picture was presented for in each experiment. The mean reaction time 800 ms. The intertrial interval was 3500 ms.
decreased by about 50 ms from the first to the The subjects named the picture, and the namsecond block and by about 10 ms with each ing latencies were measured. An experimental further block. None of the interactions involvsession took about 20 min.
ing the Block effect approached significance Analyses. Three types of responses were in any of the four experiments. Inspection of categorized as errors: first, incorrect rethe means per distractor condition and block sponses, defined as cases where subjects did showed that very similar results were obtained not use the expected picture names or deterin all blocks. In particular, the size of the Reminers or omitted part of the utterance; seclatedness effect did not change systematically ond, disfluencies, defined as trials on which across blocks. Therefore, the data were colsubjects repaired the utterance, stuttered, or lapsed across blocks in the analyses reported produced a clicking or smacking nonspeech below. sound triggering the voice key; and third, Separate analyses were carried out with time-outs, defined as responses with latencies subjects and items as random variable, yieldlonger than 1800 ms. Following Ratcliff ing F1 and F2 statistics, respectively. The (1993), reaction times from error trials were units of analysis in the item analyses were replaced by condition means.
pictures displaying two objects each. One item The experiment included five conditions was, for instance, the picture showing an in which different types of distractors were arrow and a bag. Relatedness and Position presented. In four conditions subjects heard were tested within items and within subjects. different types of interfering words, and in SOA was tested between subjects and within the fifth condition, they heard a stretch of items. Unless stated otherwise, effects renoise. Inspection of the condition means of ported to be significant reached the 1% level all experiments and SOAs showed that in of significance. The analyses of variance on most cases the reactions were fastest in the the error rates did not yield any significant Noise condition. Thus, relative to that condieffects in any of the four experiments. tion, the other types of distractors produced
Results and Discussion interference. This result corroborates earlier findings Schrief- The mean reaction times and error rates per condition are shown in Table 1 . The error rate ers et al., 1990). For the main questions ad- 
Method
Subjects. Thirty subjects participated in the experiment. was higher in the condition where the distractor was related to the First target than in Procedure. The procedure was the same as that used in Experiment 1, except that subjects the other conditions, which did not differ much in error rates. The mean reaction time were now instructed to produce sentences instead of noun phrases. was longest for distractors related to the First target. Hence, there was no speed-accuracy Results trade-off.
In the analyses of reaction times, only the Again, only the main effect of Relatedness was significant (means: 820 vs 788 ms for the main effect of Relatedness was significant (F1(1,28) ble. On average, the Unrelated target -dis-183.31, MSE Å 2729). The mean reaction time tractor pairs shared 0.5 segments. There were was shorter in Experiment 2, in which the no obvious semantic relationships between subjects produced sentences, than in Experithe members of a pair. ment 1, in which they produced noun phrases
In one condition, the pictures were pre-(804 vs 863 ms). I will return to this finding sented with a stretch of noise instead of an below. The main conclusion from the first two interfering word. The duration of the noise experiments is that, regardless of utterance was 796 ms, which was the mean duration of structure, subjects selected the meanings of the distractor words in the other conditions. both lemmas before speech onset.
In a pilot study with these materials an ef-EXPERIMENT 3 fect of phonological relatedness was obtained only for one of the two targets. Different sets In the third experiment, subjects described of targets appeared in the two positions, and the pictures using noun phrase conjunctions, the corresponding distractors were also differas they had done in Experiment 1. Instead of ent. Therefore, the interaction between Relatdistractors that were semantically related to edness and Position could be due to differone of the target nouns, phonologically related ences in the materials used in the two posidistractors were presented. The main goal was tions. To rule this out, a second version of the to establish whether before utterance onset pictures in which the positions of the two taronly the first, or both, word forms were seget objects were reversed was prepared. Each lected.
target object was associated with the same disMethod tractors in both versions. Four SOAs, 0, 150, 300, and 450 ms, were Subjects. Eighty subjects participated in the experiment.
tested. At SOA Å 0 ms, distractor and picture The mean reaction times and error rates per as well as SOA Å 0 ms. condition are displayed in Table 3 . The main Analyses. The Noise condition was not in-effect of Relatedness was significant (F1 (1, 76) cluded in the analyses of variance. Subject and Å 23.16, MSE Å 1167; F2(1,35) Å 19.81, MSE item analyses were carried out on the re-Å 4700). As expected, reactions were faster maining data points. The unit of analysis for after Related than after Unrelated distractors the item analysis was a picture of two objects, (means: 799 vs 817 ms). However, the effect regardless of their positions. Thus, the picture of Relatedness interacted with other effects. of the arrow to the left of the bag and the First, the interaction of Relatedness and SOA picture of the arrow to the right of the bag was significant (F1(3,76) Fig. 1 ). For the First Target, Reaction times after distractors that were Related or Unrelated to the second noun did significant facilitatory effects of phonological relatedness of 57, 65, and 55 ms were obtained not differ significantly at any SOA. As the same targets and distractors were used in the at the SOAs of 0, 150, and 300 ms, respectively (F1(1,76) EXPERIMENT 4 and there were inhibitory effects of 11 and 19 ms at SOA Å 0 and SOA Å 300 ms, respecExperiment 4 differed from Experiment 3 in the structure of the utterances the subjects tively. Only the last mentioned effect approached significance (F1(1,76) Å 4.73, MSE produced. Instead of noun phrases, they now produced sentences, as the subjects of Experi-Å 781, p õ .05; F2(1,35) Å 3.78, MSE Å 3513, p õ. 06). ment 2 had done. Thus, at the first three SOAs, when the disMethod tractors began at picture onset or at 150 or 300 ms after picture onset, the reactions were Subjects. Sixty subjects participated in Experiment 4. much faster after distractors that were related Finally, the interaction among SOA, Relate% 13.0 11.6 12.0 12.6 edness, and Position was also significant (F1(2,57) Å 6.18, MSE Å 767; F2(2,70) Å 9.07, MSE Å 1882; see Fig. 2 ). For the First target, significant facilitatory effects of phonoMaterials, design, and procedure. No systematic effects of different distractor types had logical relatedness of 65 and 34 ms were obtained at the SOAs of 0 and 150 ms, respecbeen obtained at SOA Å 450 ms in Experiment 3. Therefore, this SOA was not tested tively (F1(1,57) Å 58.74, MSE Å 697; F2(1,35) Å 73.08, MSE Å 2018 for SOA Å in Experiment 4. As in Experiment 2, subjects were asked to produce short sentences of the 0 ms; F1(1,57) Å 17.34, MSE Å 697; F2 (1, 35) Å 10.57, MSE Å 4119 for SOA Å 150 ms). form ''X staat naast Y,'' where X and Y were the names of the two objects with the definite At SOA Å 300 ms, a facilitatory effect of 12 ms was found, which was not significant. For determiners. Otherwise, the materials, procedure, and design were the same as those used the Second target, an inhibitory effect of 20 ms was obtained at SOA Å 0 ms, which was in Experiment 3. significant in the subject, but not in the item Results analysis (F1(1,57) Å 4.67, MSE Å 857, p õ .05; F2(1,35) Å 3.78, MSE Å 3814, p õ .06). Very similar results were obtained for the two Picture Versions. In analyses of variance, At SOA Å 150 ms, the reaction times in the Related and Unrelated conditions differed by neither the main effect of Picture Version nor any interaction involving this variable ap-only 1 ms. At SOA Å 300 ms an inhibitory effect of 14 ms was found, which was not proached significance. Hence, the data from the two Versions were combined in the further significant.
The results from Experiments 3 and 4 were analyses. The mean reaction times and error rates per condition are shown in Table 4 . similar in that phonological facilitation was obtained only for the First but not for the SecThe main effect of Relatedness was significant (F1(1,57) Å 11.93, MSE Å 788; ond target, but they differed in two ways.
First, the mean reaction time was considerably  F2(1,35) F2(1,35) Å 431.32, MSE Å 5987). As in Experiments 1 and 2, subjects were faster to initiIn spite of the differences between Experiments 3 and 4, the main conclusion is the ate sentences than phrases. Second, in Experiment 4, significant facilitation for the First same. Strong phonological facilitation was found for the First, but not for the Second, Target was obtained only at the SOAs of 0 and 150 ms, whereas in Experiment 3, it was target, suggesting that only the first noun was phonologically encoded before speech onset. also found at the SOA of 300 ms. These differences among the experiments are probably re-GENERAL DISCUSSION lated to each other. The finding that the utterances were initiated faster in Experiment 4
As noted in the Introduction, most models of language production assume that lemmas than in Experiment 3 suggests that the first noun was encoded earlier in the former than and forms of words are stored separately in the mental lexicon so that the lemma of a word in the latter experiment. Therefore, a distractor presented 300 ms after picture onset could still can be selected without its form. The present findings support this view as they show that affect phonological encoding in Experiment 3, but came too late to affect it in Experiment before speech onset the lemma, but not the form of the second target noun, was selected. 4. The interaction among Experiment, SOA, Relatedness, and Position was significant by The findings are also consistent with the speech error evidence demonstrating that subjects (F1(2,114) Å 3.08, MSE Å 821, p õ .05) and almost significant by items (F2(2,70) speakers use larger planning units at the grammatical than at the phonological level of pro-Å 3.07, MSE Å 2939, p õ .06). The interaction between Relatedness and Experiment cessing.
The conclusion that the grammatical planreached significance (F1(1,114) Å 5.10, MSE Å 1078, p õ .05; F2(1,35) Å 7.74, MSE Å ning unit encompassed the entire utterance is compatible with evidence from analyses of 2531), reflecting the fact that, across SOAs, the Relatedness effect was slightly larger in speech errors and pauses supporting the clause as an important planning unit at the grammatiExperiment 3 than in Experiment 4 (18 vs cal level. However, the experimental evidence was extremely simple. On each trial they had to name two objects inserting a constant conobtained by Lindsley (1975) and Levelt and Maassen (1981) can be taken as supporting junction or a verb and a preposition between the object names. In Lindsley's (1975) subthe assumption of subclausal grammatical planning units. Perhaps different processes ject-verb-object condition and in Levelt and Maassen's (1981) experiment, utterance planwere tapped in the present and in the earlier experimental studies. The present experiments ning was probably more difficult because subjects had to name not only two entities but also were designed to determine whether the subjects selected lemma and word form of both a variable action or movement. Thus, subjects might have been more likely to use subclausal nouns or only of the first one before utterance onset. This could be inferred from the effects planning units in these than in the present experiments because message generation and/or of semantically and phonologically Related relative to Unrelated distractors. By contrast, utterance formulation were more difficult.
In Experiments 3 and 4, phonological faciliin the earlier studies inferences about planning units were based on speech onset latencies tation was obtained only for the First, but not for the Second, target. This result supports for utterances differing in syntactic structure. Lindsley (1975) compared speech onset laten-the conclusion drawn by Levelt and Maassen (1981) and by Kempen and Huijbers (1983) cies for subject-only, subject-verb, and subject-verb-object utterances. Levelt and that the phonological planning units do not comprise more than one or two words. HowMaassen (1981) compared speech onset latencies for sentences beginning with a noun ever, distractors that were phonologically related to the second noun yielded an inhibitory phrase conjunction or a simple noun phrase. The obtained reaction time differences could effect. This effect was weak (7 ms in Experiment 3 and 12 ms in Experiment 4) compared indicate, as Lindsley and Levelt and Maassen proposed, that the number of lemmas selected to the facilitatory effect obtained for the first noun (43 ms in Experiment 3 and 37 ms in before speech onset differed for different constructions or that syntactic processing was Experiment 4) and did not reach significance across SOAs or at any individual SOA in eimore time-consuming for some constructions than for others.
ther experiment. However, it came close to reaching significance at one SOA (albeit not A result of the present study supporting the latter hypothesis is that the mean onset laten-the same one) in each experiment and therefore deserves some consideration. cies were significantly longer for noun phrases than for sentences. Yet, the semantic interferThis effect may have arisen because early activation of the form of the second noun interfered ence effects show that, for both types of utterances, the lemmas of both target nouns and with the phonological encoding of the first noun.
Following Dell (1986) , I assume that words are the form of the first one were selected before speech onset. Thus, the difference in onset phonologically encoded sequentially, according to their order in the utterance, which is specified latencies did not arise during lexical selection but, most likely, during the generation of the during grammatical encoding. When two lemmas have been selected, they both activate their syntactic structure. Perhaps the syntactic effect found by Levelt and Maassen (1981) and sublexical units, but the first one initially activates them more strongly than the second. ThereLindsley (1975) had a similar origin.
An alternative way to explain the difference fore, the sublexical units of the first word are selected first. When a distractor is presented that between the present and the earlier results is that speakers choose different types of plan-is phonologically related to the first noun, some of the sublexical units of that noun receive extra ning units under different circumstances, as Schriefers (1992) has suggested. Perhaps they activation, so that they can be selected more rapidly than when an unrelated distractor is preuse smaller grammatical planning units when the descriptive task is more difficult. In the sented, and the utterance can be initiated sooner.
When the distractor is related to the second noun, experiments reported here, the subjects' task activation is added to the sublexical units of a
The time course of phonological encoding competitor to the noun that must be phonologi-also needs further study. It was speculated cally encoded first. This could lead to an increase above, first, that several selected lemmas in naming latency if the time necessary to select might activate their forms in parallel, and, secthe sublexical units of the first noun depends not ond, that the selection of sublexical units for only on their own activation levels but also on different words is a sequential process. Both the activation levels of competing units (see, for of these claims must still be tested. There is instance, Roelofs, 1992) .
evidence that successive parts of a word are phonologically encoded in sequence (Meyer, Thus, it is proposed that the two nouns must ; be phonologically encoded in sequence and Wheeldon & Levelt, 1995) , but this does not that early activation of the second word form rule out the possibility that successive words interferes with the phonological encoding of could be encoded in parallel. As mentioned in the first word. This account implies that althe Introduction, phonological encoding inthough only the first word form is selected volves a number of processes, including the before utterance onset, both word forms are activation and selection of segments, the genactivated to some extent. This assumption is eration of word or syllable frames, the associacompatible with Dell and O'Seaghdha's tion of segments to frames, and the selection (1992) suggestion that the forms of words in of articulatory programs. It remains to be dedifferent sentence positions may be prepared termined which of these processes are sequento different degrees or in different ways before tial within and between words. utterance onset.
The above discussion of the experimental The present results, together with those results presupposed that the semantic and phofrom studies of lexical access to single words, nological effects arose during utterance forsuggest the following view of lexical access in mulation rather than during conceptual proconnected speech. First, the message activates cessing. One might argue, however, that the one or more lexical concepts and the associsemantic effect arose at the conceptual level. ated lemmas. As soon as a lemma has been
As noted in the Introduction, Schriefers et al. selected, the corresponding sublexical units (1990) showed that the semantic effect disapbegin to be activated. If several lemmas are peared when subjects performed a picture recselected more or less at the same time, several ognition rather than a picture naming task. sets of form units are activated in parallel.
This argues against a conceptual locus of the However, the selection of sublexical units for effect. However, it is not certain that the memdifferent words is a sequential process. ory representations used in picture recognition To replace this sketch by a model, more were the same as those used in picture naming. information about the time course of lexical Consequently, it can be argued that the null access is required. In Experiments 1 and 2, effect in the recognition experiment does not semantic interference was found for both rule out a conceptual locus of the effect in the nouns at both SOAs. This suggests that acnaming experiment. Therefore, an alternative cess to the two lemmas overlapped in time, account of the present data is that before utterbut it does not reveal whether access to the ance onset both targets are processed at the two lemmas began at the same or different conceptual level, but only the first one is phomoments in time. Schriefers (1992) has arnologically encoded. The span of advance gued that the lemmas of adjective -noun planning at the grammatical level is unknown. phrases are accessed in parallel, but it is not A challenge for future research is to find new certain that this also holds for different synways to discriminate between conceptual and tactic constructions. An important question grammatical planning and to examine how for further research is whether speakers rethese planning processes are coordinated with trieve several lemmas in parallel, and if so, how many. each other. Note. The two targets of an item and the associated distractors are listed on successive lines.
